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DIPOLE CROSS-SECTIONS COMPUTED BY VARIATIONAL TECHNIQUES 

by 

B. M. Brown 

The cross sections given in this memorandum were computed by means of 

the Tai1 formulas.  Results for both the random orientation distribution of 

dipoles used by Van Vleck, Hanmermesh and Block and the horizontal-vertical 

dipole distribution described in DRL AF Technical Memoranda No. hi  and 53 

have been used in setting up the cross-section tables.  In addition, the 

polarization of the radar has been introduced by including results for both 

vertically and horizontally polarized radars.  The cross sections given 

depend upon the following additional parameters:  the ratio of dipole length 

to wavelength {2i/x)}   the ratio of dipole length to equivalent radius 

(2£/a = A = Si/w, where w is the dipole width), and the dipole cloud eleva- 

tion 9 . 

The results are presented in three tables.  Table I presents the dipole 

cross-section a       (v)/X2 in the last three columns, where the subscripts 
xx   ' 

xx denote the radar polarization (hh for horizontal transmitter and hori- 

zontal receiver; vv for vertical transmitter and vertical receiver), and 

V represents the angle between the dipole axis and the vertical.  In this 

table, cross sections are given in the last three columns for three different 

"'"Tai, C. T., "Radar Response from Thin Wires," Stanford Research Institute, 
Stanford, California. Tech.. Report No. 18, SRT Project 188.  A.F Contract 
19(122)-T8.  March 1951.  It should be noted tha%  in Tai's formulas for 
7 and 7   ,  the terras llkx)  Cos qx and L(l+x) Sin qx  have been omitted. 
'c     a 

2Van Vleck, Hammerraesh, and Block, "Theory of Radar Reflectors from Thin 
Wires Or Metallic Strips," J. Appl. Phys. 18 (March, 19^7); ST^- 

%. M. Brown, "Calculation of Dipole Response for Vertical and Horizontal 
Dipoles." DRL AF Technical Memorandum No. VT-  AF 33(616 )-5l61)-. 
15 March i960.  "Cross-sections and Polarization Ratios of Dipole Clouds." 
DRL AF Technical Memorandum No. 53-  AF 33(616 )-5l6^. 2-3  September i960. 
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values of A, for elevation angles at 5° intervals, and for 2i/x  ratios between 

0,16 and 0.55.  The cross sections ahh (0)/x are identically zero for all 

values of the parameters.  Columns 3 through 12 give the ratio of vertical 

response to horizontal response for several values of f^,, the fraction of the 

dipoles in the cloud which are vertically oriented.  These tables permit 

Interpolation of the vertical-to-horizontal-response ratio for other values of 

A than those given in the table.  It will be noted that discontinuities 

occasionally appear in the f = 0 column.  These are due to rounding errors 

and will not be important in estimating actual cross sections, although cross- 

section ratios may not have much significance at these points in the table. 

The computation program automatically inserted -59-99 db when the vertical 

response was zero. 

Table II is an extension of the Information given in the last three 

columns of Table I.  Columns 3 through 11 contain cross sections for the A 

values kO,  60,   100,  200,   kOO,  600, 1000, 2000, and kOOO.     Column 12 indicates 

the polarization, either w or hh, and a value of V, either 00 or 90, denot- 

ing vertical or horizontal dipoles.  By interpolation in Table I, it is 

possible to find the ratio a    /ü^ for a particular type of dlpole cloud as 

seen by a given radar.  This result is dependent on 2Z/\,  2i/a, 9, and f^. 

The value of  fff.. (90)/A|  may be obtained for this same dlpole type from 

Table II. If the ratio is denoted by R (in db), then the expected cloud 

cross sections may be computed by 

(90)" 
Jhh 

w 

N (1 - f ) 
hh 

v10 R/10 

(1) 

(2) 

where N is the total number of dipoles  in the cloud.     These expressions are 

useful in determining the cross  sections when the 'fraction of  vertical dipoles 

is known. 

ASD TN 61-37 -  2 61WWHN 2515 
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In the experimental tests on operational chaff (assuming the vertical- 

horizontal distribution) made at this laboratory, the measured cross-section 

ratio ^y^ was used with Table I to estimate f^..  Then the expressions 

(l) and (2) were used to compute the expected cross sections for the clouds 

actually measured.  The ratio a^ (measured)/a^ (computed) was then 

determined.  It should be pointed out that the corresponding vertical ratio 

will have an Identical value in this test.  In the range O.I9 §. l/x.^  O.37 

this ratio has the average value -I.5 db + 1 db.  The largest deviations 

occur at the tuned length, where shielding and coupling effects are.largest. 

The length tested near 21/\  =0.5 resulted in a measured-to-coraputed-response 

ratio of -4.0 db.  These dipoles were approximately two inches in length and 

dipoles of this length do not separate primarily into vertically and hori- 

zontally oriented groups, but tend to spiral down at angles near ^5°. 

Table III gives the cross sections of dipole clouds for the parameters 

given in the previous tables, except that in these cases the assumption Is 

made that all orientations of the dipoles are equally likely.  Based on this 

random orientation distribution, the average of the vertical and horizontal 

measured-to-computed ratios for 2i/x = 0.5 by the variation technique is 

-1.8 db.  The measured vertical response is approximately one db lower than 

the random-distribution computed response; the measured horizontal response 

is lower than the computed response by three db.  This distribution failed 

completely to give a correct polarization response ratio at all values of 

2l/l  and Q  for which measurements are available. 

u 

J 
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CONCLUSIONS 

1 

The results of the measurements indicate that: 

(1) the horizontal-vertical distribution should be used for dipoles 

falling in non-turbulent air when the dipoles are less than three 
inches in length; 

(2) as dipoles increase in length, there is a gradual shift nearer to 

the random-orientation distribution^ 

(3) neither distribution accounts completely for the actual measured 

cross sections; however, the computed cross sections differ by no 

more than 1.5 db on the average from the measured cross section in 

the range 0.19 « 2i/X ^ O.37; 

(4) the tables give results 1.5 db nearer the measured values than cross 

sections computed on the basis of the Van Vleck method (see DRL AF 

Technical Memorandum No. i^).  This is an improvement in accuracy 

in excess of kO  percent.  Since this corresponds to a reduction of 

^0 percent in the weight of chaff needed to produce a given echo, 

it is obviously of great Importance to the designer of operational 
chaff systems. 

D 
111 
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